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Title: Method of modifying 
surface by covalent bonding of 
membrane modified according to 



the properties of a substrate 
a compound to the surface, and 
this method. 



The invention relates to a method of modifying a substrate 
surface by covalent bonding of a compound to the substrate 
surface, so that the properties of the substrate surface with 
regard to the interaction of the substrate surface with 
5 chemical compounds and/or cells in particular environments are 
modified. 

An example of such a substrate and method is known from 
Dutch Patent Application No. 8701337, according to which a 
physiologically active compound is bonded to the substrate 

10 surface via a polyacid, which changes the properties of the 
substrate surface, when in contact with blood, in such a way 
that less or no coagulation occurs on the substrate surface. 

The object of the invention is to obtain a new, simple 
method with which the properties of substrate surfaces, 

15 preferably substrate surfaces with a suitable functionality, 
can be modified. The existing methods typically start from 
activating the substrate surface, followed by immobilizing a 
particular compound on the activated substrate surface. When 
such methods are used on specific substrate surfaces there is 

20 a chance of undesired modification of the substrate surface. 
In the method according the invention, the order is reversed, 
i.e. first the compound is activated and then it is bonded to 
the substrate surface. The advantage thereof is that the 
substrate surface is not available to the reagent used for 

25 activating the compound. 

The invention is characterized in that the compound to be 
bonded contains one or more functional groups, for example, 
hydroxyl- and/or carboxyl- and/or amino groups; the compound 
is activated by means of a reagent in a solvent suitable for 

30 this purpose; and via a one-step procedure the activated 

compound is bonded covalently to a substrate surface with a 
suitable functionality. Preferably, in the method according to 
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the invention, a substrate surface is selected which comprises 
functional groups necessary for the covalent bonding of the 
activated compound, pref erably_hydroxyl- and/or^carboxyl- 
and/or amino groups . To iramobilize~the coinpound~on the 
substrate surface, preferably a b ifunction al reagent is used, 
more preferably a carbonylating reagent oT~the general 
structural formula ^-(CO)-!^, wherein Ri and R 2 represent 
groups which can easily be separated. Examples of such a 
reagent are 1 , 1 * -carbonyl diimidazole or 1, 1-carbonyldi-l, 2, 4- 
triazole. The choice of the reagent is determined inter alia 
by the nature of the functional group (s) of the compound and 
of the substrate and by the choice of the solvents to be used. 

Apart from the feature that the compound contains one or 
more functional groups, the compound can be any compound 
15 which, after immobilization, changes the properties of the 

substrate surface involved, when in contact with a particular 
environment. Examples are compounds which, after 
immobilization, increase the biocompatibility of the substrate 
surface, for instance heparin. 
20 The method is particularly suitable when the compound is a 

polyelectrolyte or a polyelectrolyte-containing compound 
having more than one functional group, for instance heparin. 
With these compounds, during activation 'of the compound, no 
cross-linking of the compound occurs, which adds an extra 
25 advantage to the method. 

The compound is activated in a solvent suitable for 
activation, which solvent is not reactive with respect to the 
bifunctional reagent and the activated compound. The compound 
is immobilized in a solvent suitable for the immobilization of 
a sufficient amount of the compound to be immobilized. 
Examples of suitable solvents for activation in the case where 
the bifunctional reagent is a carbonylating reagent of the 
general structural formula Ri-(CO)-R2, for example, 
1,1' -carbonyl diimidazole or 1, 1-carbonyl-l, 2, 4-triazole, are 
35 dioxane, tetrahydrofuran, acetone, formamide, dimethyl 

formamide and dichloromethane . The choice of the solvent 



30 
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during activation of the compound is also based on the 
solubility of the compound. The choice of the solvent during 
immoblization is also determined by the interaction of the 
substrate surface with the solvent and by the solubility of 
5 the activated compound in the solvent. Mixtures of several 
solvents can also be used. 

By way of example, the compound can be activated in a 
solution with a solvent of an organic nature, which solution, 
after the required reaction time, is added to the substrate 

10 surface which is in an aqueous environment. 

As regards the compound, it may be necessary to modify it 
in such a way that its solubility in the selected solvent is 
increased. If the compound is a polyelectrolyte, this can be 
done by an appropriate choice of the counterion. 

15 When a substrate surface to be modified does not have the 

required reactive groups it is possible to provide the surface 
in question with such groups beforehand. 

In order to optimize the interaction of the compound after 
immobilization with components from the environment to which 

20 the substrate is exposed, it is possible to provide the 

surface beforehand with so-called '^pacer^-flaolecules, which 
increase the distance between the substrate surface and the 
compound. An example of a suitable spacer molecule is a 
functional poly (ethylene oxide) -containing molecule which, 

25 after bonding to the substrate surface, contains one or more 
fucntional groups, preferably a hydroxy 1- and/or carboxyl- 
and/or amino group (s) . 

In addition to the advantage realized by the invention, 
namely obtaining a substrate surface with modified properties, 

30 a further advantage is that by first activating the compound 
there is no bifunctional reagent available during the 
immobilization step to react with the substrate surface. This 
makes the method advantageously suitable for modifying 
hydrophilic substrates, of which only the properties of the 

35 substrate surface change upon modification according to the 
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method. Examples of such hydrophilic substrates are cellulose- 
based membranes and hydrogels . 

The method also has the advantage that when the compound 
to be bonded is a polyelectrolyte-containing compound having 
more groups per molecule which are reactive with respect to 
the bifunctional reagent, for example heparin, cross-linking 
of the polyelectrolyte does not occur during the activation of 
said polyelectrolyte. The advantage is that the activity of 
the compound is retained after immobilization. Furthermore, 
the method is so simple that the surface modification with the 
activated compound can be carried out as a one-step procedure. 

The invention also relates to a membrane having a surface 
modified in accordance with the method of the invention, 
preferably a cellulose membrane wherein the compound to be 
15 activated is heparin or a heparin-analogue. 

In accordance with a further elaboration of the invention, 
hydroxy 1- and/or carboxyl groups of the heparin are first 
activated with a bifunctional reagent, preferably a 
carbonylating reagent of the general structural formula 
20 Ri-tCO)-!^, more preferably 1, 1 '-carbonyl diimidazole or 

l,l-carbonyl-l,2,4-triazole. The activation takes place in a 
solvent which is not reactive with respect to the bifunctional 
reagent and the activated heparin, for example formamide. 
During this activation no cross-linking of the heparin occurs. 
25 Subsequently, the membrane is incubated in the solution of the 
activated heparin. After rinsing and drying the heparinized 
membrane is obtained. 

In addition to the advantage accomplished by the 
invention, namely a strong improvement of the blood 
30 compatibility of the membrane, a further advantage is that by 
pre-activating the heparin with the reagent, during the 
immobilization step the reagent is not available for cross- 
linking the membrane, so that the permeability of the membrane 
involved is not affected by cross-linking of the membrane by 
35 the bifunctional reagent. 
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F.XftMPLE 

Heparin sodium salt is converted into heparin-benzyl 
trimethyl ammonium salt via an ion-exchange procedure in order 
to increase the solubility of heparin in organic solvents. 
Subsequently, the heparin salt is dissolved in formamide (0.25 
g.ml" 1 ) to which carbonyl diimidazole (CD1) is added until a 
heparin/CDl ratio (w/w) of 8 . 5 has been reached. After 
stirring for half an hour at room temperature, a cellulose 
membrane is added whereafter the reaction mixture is regularly 
homogenized for 48 hours. Thereafter, the membrane is rinsed 
with formamide, water and a NaCl solution and subsequently 
incubated in a glycerol solution and dried. 

The heparinized membrane has a typical heparin surface 
concentration of about 50 \Lg.cm~ 2 . This amount can be varied 
15 controllably by adjusting the heparin concentration in the 
reaction mixture (see Fig. 1) The heparinized membrane has 
the same permeability to urea as the non-modified membrane. 
The blood compatibility of the membrane has been highly 
improved by the hepatization procedure. In comparison with 
20 citrate plasma which is incubated in non-modified membranes, 

citrate plasma which is incubated in the heparinized membranes 
shows a prolonged coagulation time (see Fig. 2). Further, 
heparinized membranes, unlike non-modified membranes, hardly, 
if at all, give rise to complement activation when they are 
25 contacted with blood (see Fig. 3). 
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CLAIMS 

1. A method of modifying the properties of a surface of a 
substrate by covalent bonding of a compound to the surface , 
characterized in that the compound contains one or more 
functional groups which are all or partly activated by a 

5 reagent in a solvent-containing first solution, whereafter the 
activated compound is bonded to a functional substrate surface 
in a solvent-containing second solution. 

2. A method as claimed in claim 1, characterized in that the 
functional reagent is a bifunctional reagent. 

10 3. A method as claimed in claim 2, characterized in that the 
bifunctional reagent is a carbonylating reagent. 

4. A method as claimed in claim 3, characterized in that the 
carbonylating reagent has the structural formula R 1 -(CO)-R2, 
wherein R x and R2 represent groups which can easily be 

15 separated. 

5. A method as claimed in claim 4, characterized in that the 
carbonylating reagent is 1, 1 f -carbonyl diimidazole. 

6. A method as claimed in claim 4, characterized in that the 
carbonylating reagent is 1, 1 ■ -carbonyl-1, 2, 4-triazole . 

20 7. A method as claimed in claims 1-6, characterized in that 
the functional groups of the compound are carboxyl- and/or 
hydroxyl- and/or amino groups . 

8. A method as claimed in claim 1, characterized in that 
the functional substrate surface comprises hydroxyl- and/or 

25 carboxyl- and/or amino groups . 

9. A method as claimed in claims 1-8, characterized in that 
the compound is a physiologically active compound which, after 
immobilization on the substrate surface, increases the 
biocompatibility of the surface. 

30 10. A method as claimed in claim 9, characterized in that the 
physiologically active compound is heparin or a 
heparin-analogue . 
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_ A method as claimed in claim 1, characterized in that the 
solvent of the solution for activating the compound is of an 
organic nature. 

12 A method as claimed in claim 11, characterized in that 
5 the solvent is dioxane, tetrahydrofuran, dimethyl formamide, 

tetrahydrofuran, dimethylf ormamide, acetone, formamide or 
dichloroethane . 

13 A method as claimed in claims 11-12, characterized in 
that the solvent is a mixture of a plurality of solvents. 

10 14 A method as claimed in claim 1, characterized in that the 
substrate surface is cellulose or a cellulose derivative. 
15. A method as claimed in claim 1 and claim 8, characterized 
in that the substrate surface comprises a hydrogel. 

16 A method as claimed in claim 1, characterized in that the 
15 activated compound is bonded to the substrate surface via a 

spacer molecule. 

17 A method as claimed in claim 16, characterized in that a 
poly (ethylene oxide) -containing molecule having two or more 
functional groups is used as the spacer molecule. 

20 18 A method as claimed in claim 17, characterized in that 
the functional groups are hydroxyl- and/or carboxyl- and/or 
amino groups . 

19. A membrane comprising a surface with modified properties, 
a compound having been immobilized on the surface via a 

25 covalent bond, characterized in that the compound has been 

immobilized according to the method as claimed in claims 1-18. 

20. A membrane as claimed in claim 19, characterized in that 
the membrane is made of cellulose. 

21. A membrane as claimed in claim 19, characterized in that 
30 the membrane is made of a cellulose derivative. 

22 A membrane as claimed in claims 19-21, characterized in 
that the compound is a physiologically active compound. 
23. A membrane as claimed in claim 22, characterized in that 
the physiologically active compound is a compound which 
35 increases the blood compatibility of the membrane. 



WO 91/19521 



PCT/NL91/00103 



24. A membrane as claimed in claim 23, characterized in that 
the physiologically active compound is a compound comprising a 
polyelectrolyte . 

25. A membrane as claimed in claim 24 , characterized in that 
5 the physiologically active compound is heparin. 

26 A membrane as claimed in claim 24 f characterized in that 
the physiologically active compound is fractionated heparin. 

27. A membrane as claimed in claim 24, characterized in that 
the physiologically active compound is a chemically modified 

10 heparin. 

28. A membrane as claimed in claim 25, characterized in that 
the heparin is a heparin having a low molecular weight. 

29. A membrane as claimed in claim 25, characterized in that 
the heparin has an increased activity. 

15 30. A membrane as claimed in claim 24, characterized in that 
the physiologically active compound is a heparin-analogue . 
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